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1: ( - N A coupled, atmospheric-oceanic boundary |aver moded .
:: which grovides a single station asssssment  axnd oredicTion
capability has been developed from indegpendentiv +formuiarnss
: one-dimezional oceanic and atmosphesric bulk baunoaqy |ay%r
v A b ore.
N models. Sensitivity analyses pEFe caonducted to Cetsrmine
- major differences 1n  the response of the coupleoc moced
4 compared to thaose of the separate oceanic and atmozchesrya
madels, The general behavior of the couplegd moosl 132 oot
v, signiticantly different from that of the wtmosgneric Toge
_ alone ooer short fterm Simuiaticons (12 to 22 nourzo. Howev:r}
: ynder a cerftaln et af Jimifted Cconcltion:  uler s v ds ER
light and the lifting condensation lewvel iz cloze *+o <oz
T height of the inversion) large difterences may cccur. ﬂijcr
- differences betwsen the precictes swolution of Th: OIz:p
moundary layer by the ocean model xnd couoled moge! ars mors
- commoen, xnd the short term predictive ability 2+ TR oz
-:-' ) i . /( e i ; ) - ’/ P /., ;
" model in coupled form is enbanced, !’//" - 8 o,
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The ability to forecast the svolution of oots tns
aceantic and  atmospheric  bSoundary  layers 1=z one T s
primary concsens of  the Mavww’ s envirconmentzl Tachloiarg,
Thizs 1= & result of the 1ncreased awarsnsss oo e fiset o:

coperational commanders of the importance of enwirconmen Tz
) factors in influencing the effectiveness of thelr YEHRD T2
b . . . )

anc gensor systems and their growing demand for relizcis
I k = 5

; envirconmentxl prediction schemes. [t has become clear  tnzc

e an actcurate Knowledge of current and 2xpoected  enslronment:

ff conditions 1= ke to b2 ame of the QstesTinlAl TEICICfG

i: ‘ the cutcomes of any aft-sezx tactical engagemsnt,

iy The performance  of nearly 21l slectromagrnetic S,
?E electo-ootical JEQY, a3nd acoustic swstemz iz xf~z2ctec o

-;; TORalTIInE 0 2L EnEr tte  atmoEgheric or SCEANLD TounZET

o laverz. In the atmoszchere the formaticon of guctz  Dnag hs
;j trapping of EM radiation is comtrolisa Sv the stz

_;2 aradient 6% the 1ndex of refraction which 12 a2 fumeoctior o=
- the verticzl gradients of temperature, humidi t., X
gi pressure. The performance of ED 12 atfectes o

;; small zcale inhomogeneities in the index of refracticn - Juz

- to turbulencer, the water vapor content, and tne  amcount o<

0

aercsols in the layvere. In the ocean the most crit

s
[n]
Pl

tactor to the performance of sonar systems i1s  thme  soung -




weiaCl by SroFlie wRlSh 13 SrIMERCLLL R fuAITIIN DT TTE TEET
Turfacte tTEMCSraturs  IArLOTUrE. Time  ZegpenzeAaTe 1f 3 T .
Sr1elSEl S1mCE TACTIIal. ELLMITLICANYT ITangEE 10 TotT a2t 2
may cccur ower time periods of 4 to 13 hours, ’
S1nce the oerformance of the artorementionec o327
depends on the cCetailed structure of either the atmosonsr::
A or oceanic boungary lavers, regional climatologies 0= 7o
b guftficient for coperaticnxl predictions  and modsls oF o
large-scale svnoptic flaws alone cannct Simulate s
’.
[ reguirsed boundary 1ayer Furthermore., e
structure and evolution ot both  boundary Vapers LT E
: infiuenced by their coroximity to the aim-zsex InTeEm-rIs E
.
4 The indEracticns  which  SCIur &t thiE o SouncEco. 1T i .
E therefore desirable to provids fleet uniftz witn & Tex- 3 I-
forecasting changess in the boundary layer Ccondityions  wn 20
May occur ower short but tachically sigriticant Lime T2 o2z
ang which Fu'liy account for the complexr air-sS2a (aferfaltin s
that mav occur,
One dimensicnal sxtmosphéric (Davidzon et ai., [532: iz

[T

14

anic (Garwaocd, 17772 boundary models havs Sesn formo’ s

which hawve demonstrated
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syccessfully couple thess proven models to better simolane
the influence of the interactions at the ajir-s2x 1ntsrszcs,

This <study 1= part of ongoing efforts in mode |

development and evaluation to provide =« shipboard bz
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computer modesl capable of reliabiv foarecazting

1

coundary lawer grapectlizs,  Specifioalla, this
f & oreliminany e

-

[11]
"t

strates signitican d!
the =imutation of boundary laver ewslytion
separate, uncoupled models and 1F so, under wha!

e differences are
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y Ii. .
- A data =zet consisting of simulttanscus oCc2xmis 272

- atmospheric soundings (Dawidson et  al., 1754 demornzirztz:z

that short time-scale air-sgx inter§ctions My SCcour  whioh
z have 1 significant affect aon the svolution of  the oSosznil
i (OBL)  xnd atmospheric (AEBL) boudary lavers (F1a. 1o
§

Significant responses are swident:

1) The &BL deoth increases from 250 to 758 meters o =r

the 42 hour periocd. The changes cccour ower pelatiesly snort
! intervals, from SDS80880 to Zas9d09,  and  srom Ziodavs s
s 21,9338 tocai times,  The &EL degih remalns azar il A

during the nsx¢ 18 hour periad,
y 2) The increzase in the marine zurtace laver femoerat.rs ’
E ig indicative of the sntrainment of werlwing wit. Tz
i entrainment 1z presumaciy & 2 FxotI0 in The win0d SZEsSC
! increase over the sames period. The speed lncresassz, 10 turs,
; 1 belisewved to hawve contributed to the ercsion ow turouwisn:
? mixing of the transient warm shallow  ocean thermosiine,

This mixed laver deepening swent dropped the Sex  surfacs

temperature by 1.5 degrees after ZA130

. 3y There is a rapid change in the AEBL during the oer1ac

from 21799008 to 2178508 which immediatelw followsd Yhe  Jr:oc

P

in sea surface temperxture due to wind mixing.



= Qbservatlonsg €UcCh 23 these nhave 1ead To o the nIln ot
K a couolsd atmospheric ocsanis boundary Tawsr molel ma p=
” .
g to fully predict Coundary [aser 2 oidgticn o =
. ot the complex air-sea interactions which must be ocou-ring.
> Q7 Laughlin {1782) attempted to simuiate the svglution - tns
. 1Y
data set using the s=same prototwpe coupled moSe! oF  ing -
o present ztudy. His model results were unaols o duni:ic:ts
many of the details, particularly the changes in  the Do,
He concluded that ths inabiirty to accuratsly reoroduce o ':fi
t
izantsa
SR F By
- Tur LTl
- the pericd  of  gata colisction, He  Tur ther  fogno TTes
K simulaticons made with the uncoupled ~BL mogel snowses T127 %
B differsnce from those made with the coupled &EBEL-OEL moze!l.
- He concluded that under most conditicns, orediction o+ —Z 0
X ecotugticn Sy the couplied model 12 titiie 1mEroeel Iter L
i =of the uncoupled ABEL modsl.
. .
=y O‘Laughlin’s +indings in his preliminary stody haee 2l
. to the current senzitivity study, where 1t 13 :nftencsa T2
v . . L |
_ determine under what conditions the cougied moge’  Ta o
‘. _ A ) T
. predict  ewslytion of the boundary lawvers b1 Ch zrs .
. significantly different from those made separatsl. bHoe tns P
A ——
uncoupled models. .
o—
:. 1 3 :.
N .
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A. THE Ai=s-

E& INTERFSCE

The atmospheric and cesanyc boundary lawers are  Farc

by the boundary conditions of the air-sea intertface. The
tboundary  conditicons  are  the exchanges of nhest, TR E
momentum, and radiation which occur at or  &Ccross tn

intertace.

The atmospheric boundary laver (ABL) consists of 2 oo
moist, turbulent well-mixed laver (relative to upoer 210

whilich the guantitiss of eguirwvalent pcotential sempsrsttczs =20

sgecidic humidity xre Consicerss ©o D& COMETANY wlTh e I
The weil-mixed laver sxtends from the sea  $urface 3 -
capping inversion where pronounced changes O jumps: i %
grofiles of temoerature  and  humigi tyw  Scour, - 2 -
1hners1on the alr ot the tres CQLAREI-ZECEIITIDA
troposphere 1s warmer and drwer with potenti sl TEMOSr Aty
increacsing and humidity decreasing with heicht. T
turbulent fluxes of temoeratures and humidit. at the zures:
and at the lewel of the inversion tend to change the o3l
of the well-mixed quantities ower time. Turtulence xt ¢

inversicon alzo lead:z to the entrainment of $rse tropozoher
air from abeoeve, and &z a consequence, the upward  grcath

the laver. Large =scale atmospheric forcing lea

v}
"

subsidence. This vertical motion tends toc limit or contr

,..
i)

"

i

W

[}
10

idg

to
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the wertica Sx2tSnt 2+ Tne Mmloed e Er, The titme rate I
change of the rergnt of the 1nweErsion 13 tneresscre 30 T2zl 0t ;;;j
ot a balancs Letwesn the rate S gntrainment #nl Fulfizer i, R
The lifting condensaticon lewel (LCOLy, which 13 a funsrtizn o< : 5?

e
temperatures and humidity at  the surface, OQetermines TE ;;;}
height at which moisture condenses within an a:r Carce. == a- f
13 litted adiabaticallv., If the LCL 13 above trne E] T R
the 1nversicon, the mixed laver will be cloud +ree. L S e
howsver, the LCL is found to be below the 1Aversicon, 2 . 32.2° 5 :
of stratus 15 tormed, extending from the heighrt o+ tre Je f
te the tap of the mixed laver, -- ;

The presence of stratus 1n the mixed lawver rxz  oroscons Do
St+eotz on thne radiation Gusget. and Rence, tThe = I oL i- Eﬁ?
ooth the ®EBEL O ang OBEL ower ti1me., CLanssguent . = ___
zensitivity of the model to xir-zea interactions  which ) T
be e1ther a cause , or & resolt of stratus formaticr ol =
ane af the focail ooints of this ztuay.

Like the ~EL, the oceanic boundarv lawver - JEL H SN
considersed to be & turtulent, we)ll-mized la.er oo s . f
separated from the dynamicxlly stable frese ocoan Telow o . :
the seasonal thermoclines, whers the gradisents of momesns.T
and density change abruptly. Eotn temperature and sal:nls. ;;
are assumed to be homogenscous in the CBL. Oenzite or

buyovancy 1s dependent upon

However, 1n this study,

moet 1mportant qQuantity,

temperaxture is

both

temperature

andg

considersd

since the relative contribution

=
[

C
+.




A TERO
hace

7
_'n . '

aAR A

zafinmity TI CEASltY changes
signi¥icant Milier, 1PTar,
lawgr 13 MainTained &y turco

fluxes of momentum and buaova

sombined e++

0 (]

the surface, fres convective
generaxted downward flux  of

forced convective mixing may
Kinetic energy (TKE) ta erod

mixed laver through sntrainm

mixed laver will dewvelop 1§

-
"

to produce net warming X

ZenElty stratislLation. o
+ —E T =T = 1+ ks atmosons
T CcetErmine 14 12 ALTMOSohe

OBL ower short time scales o

<gzedback eft=sct an tne ABL ¢

occeores,  Frotfiles of the &
~AEL are Jdegicted in Figure 2

g. THE COUFLED MODEL

The two boundary |ayer

O-Laughlin ¢1%22). The combined mace! con

mode) described bw Stage and EBusinger (17810 wpich azs

modified by Davidson et x)

Garwood (1777).

ct of the szur+tace tiuxes |

e gnort time  zca'e:z 1@ oot
The weil-mised naturs 5 Trz
iEnce ShEaRtEd 1n PEECoNEIE TIOTTE

e

-1
,
K

[

3 OTO CAMER Ccoolifng

mixing will occcur, The o2
momentum  and  the corocess o+
previde sufficrent  turbulent

e thes thermocline and Seemen o
ent., Conversely, & shallonsr

[}
]
~+.
-+,
[ (]
(]
-
al
~
~
>
i
"
c
e
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assumoticon iz that the dissigaticon of torouisns

m

kKimetic energy i a fixed fraction of the croduction [zt

The long and short-wave radiation +luxes are ComCoJTes
separately, The long wave net rxdiaticn fiue an toe o0 ooz
caze 135 calculated as & function of thos Cious e
temperature and the effective radiative sky temperzturs
using the Stefan-Bolzmann law. In the cloud-free cazs, the
net long wawve flux is calculated from the water  oapor LR
temperature profile, The net radiation flu.es ar s

Ef calculated at the height of the inversion and at the surtaie
using the method (Fleagle and Businger, [¥88: of 1ntegranin:
the flux emizsivity protile. In the cloudy cases estfsctive

e clauc

- sky temperature is obtained by integrating from th

top vpward.
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The OBL modesl of Garwood (17777 i & aone-dimensionzl,
E segcond corder, bulk model., It wuses the Mavier-Stoves
equaticon of motion with the geastrophic comoonent

eliminated, the continuity equation, the heat equxtion From

i the first law of th

ermodynamics, the conserwation o+F a2l %
e eouation, and an analwticxl equation 3% state. M DG AT
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of hear and sal*t mass. Separats  werftical and  hkorizontg
equations for turbulent Kinetic energy (THE) are wused wiin

system closure obtained by mean turbulent fi12id maocgel:ing of

the wertically integrated squations for the indiwvidual TLE
components, plus inclusiaon of the bulk buowvancy and momentum

equations.
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‘will react in the retreat (shallewing) or entrazinment

the sea surface determine whether the mode

[} ]
o
w
~
o
-~

ensibl

L]

"

(despening) made. If there i

(11}

& positive buoyancy flux &S &

[
[an)




. mezul o F Toml ing xt tha SurTECE o guf-iziEn "

: wifd-gensratsg THE Tom Trning, the e O Ter ot

l .

- ceepen., T the surfacs fiunes 18ad Y3 A Mei wArTIng AT ToE

N surface 1 shallowsr mixed lavesr will form orouided i d

y stress is not large.

|

i C. MODEL COUPLING

s Coupling of the atmosghsric and oceanic modsls s

]

: accomplisheg by matching their respecti-e Fluynwes T
momentum, sensible hesxt, 1xtent heat, and radiaticon &t tre

- alr-cea interface. The fluxes of momentum, latent hext, znd

b,

. sensible hext are calculated by the atmosgphericzc moos! D=
BUte Formiias xS fURCTICNS Sf wiing eElocl b, humIzy T R

- the air-se: remperatuyre  Zlttersnce, These +lua:s% ES

! calculated at each time step for uwse v the a'mcszonsris

:€ mogel, but are alzo pazsed to the cceanic model Sor Ltz iz

- aftter cni1t conwgrzlon (MKIS Yo CGEL. The net SRR 2

|

o radiation fluz for use by the cfeanic model s calculates =
the  atmospheric moded ag . Ffunction  of =X ] sereals
temperature and the downward §1 of long-wawe radiation 2o
the tnwversion, The incident short-wass radiation xt the z:sx
surtace 1= calculated by the delta-Eddington method  as

discussed in the descripticon of the atmospheric madsl.

The separately formulated atmospheric and oceanic mode! =

were originally devised tc be numerically integrated wusing

different time steps. The atmoephsric model has 2 time stsc
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Cbserved Quantities
Time of Obserwvation {(Startl }
Julian Dayw (JDAYS -
) Latitude (LAT) ,
L Initial Inverszion Height (21D .
= S=a Surface Temperature (3372
Mixed Layer Fotential Temp (TH:
Jump in Potential Temp at Inwversion
Fatzntial Temp Lapse Abowe 1nw=riion RN
Specific Humidity in the Mixed Laver f&P? T
Specific Humidity Jump at the Inwversicn « DGFY -

= sl

Specific Humidity Lapse Rate doove I[nvers:ion cDoils
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), Subsidence (his)
- Thermal fAavection (DTDTH
- Moisturse sdeesction « OROT
' =

- Wind Speed (L1
N 8L MCUEL:
- Temperatursa Frofile

; Mixed Layer Depth
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uncoupled modeis were conducted. In

- the only contribution the COBL model makes to the ~EL moce!
b .
5 _
i= 1¢ $2x surtace temperature o « hence uncoupling of tne -
L =BL moodel 13 achiswsd zumply  through  zetrting  the  IIT E
b . .
. " . . . - o
= canstant. Uncoupling 13 achieved 1n the DQEL medsl b o
maintaining the atmospheric walues of temperaturse, humidit. L
. . N - - -
zrd  long wave radiation conztant, so the 'y es T
temperaturs, molsture, and NG O TrIlETiOC rrz .
Setermined anly b changes of the ooesn tnermal ZTrultuire oo
relation to a constant atmoszphere. The momentum  and  soort

a
Ll.

WaSe itaticon $luxes are porovided to the wuncocoies 2R

model tn the same manner a3 10 the coupled ~EL-CZo

- .
The analyszes were conducted bv gerftorming &  Zec1ss of :
modes ) simulatians where in exch | caze the cCoupieq  and
separate SEL and UBL models were nitixlized, 2z far az

applicable, with the zame zet 2f in1tial candi trons, Trhe T
prescribed wvariables of wind spesd, subsidence, thermal o

advection, and moisture advection were systematically -ozxr:ied
to determine conditicons where the coupled model respomded 1n

a significantly different manner from the cseparate RABL  or

P

CBL models. Although simulaticns were conducted with &




WAL LETY OFf OCSAn orofiies,  inCiySing Sesn. Mot ats, R0 T
shallae miced laysrzs, $or PeasSnE iuhich el Ze ZLICofzEs LT
1 subzsguent Secticon, ORiy Shatic MixEd 3080 f sl T
have & significant imp&ct o the coupled modei s predictsd
evolution of the atmospheric  taver, Consequesntiv, mIst
examples presented deal primarily with reseits chrainss

"

using anly shallow mixed |aver

Model simulations were initialized ¥ r o zoundings
abtained during the Cooperative Experiment on Mest Coast

i

ceanoaraphy and Meteorology (Fairal! =t al., (%77) from 23

September to 12 October 1976  CCEWCOM=-F&0 and  CEWMCCIOM-TE

(1)

(Fairxll =t al., 1#738 +$rom S to 23 May 1572, Eotn
ssoertment s WeEr & conducted ot ¥ the st o o, thEs s
Calitornia im the wicinity of the Channs) [siznos. Lizts T~

the initial conditions for sach of the model s1mul a

tionms

discuszed in the results secticon are incluyded in Tzaoissz Dl
ana I11.

The most  significant results of fthe  analwszes xre

presented in thniszs studw, where a sufficent number o¥ msgS s

simulatians wil] be dizcusszed to allow fthe 1nference of the

couplied model “s behavior where air—-sszx interxctions hawes

oy

significant effect on the predicted ewvclution of the

atmospheric and oceanls boundary 1avers,




P e e e RS- S Y Pl P g AR St e

= gf tnitial gQuantities held conzta

.
2
ot
“+.
[a]
~t
™

STAHRT JOY LAT Z1vmy
1798 277 35.9 ow T L gm )

Lol TH(deg OTHLdsg) GTROI Cege ™ -
A77.08 1.8 3.5 L2852

SeT(deqy QF(Q ko) DEP Q- K DRI (orkg ca. —e
21.1 18.2 -z.4 -3 .48425 ]

)
I.v
[(}}
m
g Ly
r—
w =
3x
St
i
a
[ (e
i -
R
-
g
.
o O
N
a ™
wo =4
pd
3 X
a -
[
Wy T
a 7
£ -
W 12
r
3 ri

: .3 - = S.3 LT I.i =rloT

z .8 -.983 8.9 .84 1.5 .a -a.iS

3 S.4 -.84832 1.5 -1.4 1.9 z.a -a,1%

4 2.0 -.88% 1.5 1.8 1.5 9.8 -a.:%S

5 .8 -.083 8.0 .8 11.5 8.8 -g.1% o
25

- o e e
RIS RPN

AP, Y




v T T L 2R et Rt e T Y™

- m = v
.=
D o B <
LY - - y a2 - - - = - Bt o= -
Ll TURD LAl Tl Ti 2 TIr Lz oz

-

of inlt

1al guanbtiti

[ (]
1]

- START  JDAY LAT

21umy
8Svoe 149 33.@ I5i.8m
LCcL THi{deg UDTHC degs CTHOZ sea-~
316 12.8 1z2.7 a.,0a4d7
S5T(degr QGF(grkg? DOF g Koo DROZ . govz Za.
14.48 7.25 -4.5 —-g.88as o
i
talue oF orescrioed SUAntl bias o
caze U186 we  OTOT CROT H Oriid —
ms s m- 3 Seg oayY oS day m des. m -
1 2.5 -.803 9.8 6.8 3B.8 A.8 -8, 1@ el
P
ST
1) N




L VLEL T, W oL W Ly TR LE .T~'."-". P LAY A it
P L P T PSR - PNt

M. STRATUS FORMATION

H o primary  Goal  of tnis studw 1= to getermins Un

1]

condi

4

ions under which the ceoupled mode! will  oredic:s

tr

'y
n g

PSP

use formation differently from that of the Uncoup' g2 rco

L

modei. The results of coupled model and uncoupied ~EL Tode’

simulations which dJdemonztrate +thi:

. &are presentsd. fooe }
simulations are initialized with an  atmospgheric scuncins ]
taken at 1268 local from the CEMCOM-74 data set. In thisz ;;;J
caze the wind speed is st to & nearlw constant .8 m. s, <rs :
tnermxl advecticon to 1.3 deg.- daw, the molsture 22 . echicr s
-1.84 g kgsdav, and the subsidence to -9.88% mo3z. T
remainder of atmospheric wariables are lett &= obser s
dJuring the CEMWCOM-7¢& experiment, The ocean mi.2d ‘x.e=e Lz

in1traily shallow at 1.5 m with a2 temperxtures jumo oF -2, 7

deg at the base of the mixed layer. The below Ta.2r
gradient 13 -#.,15 deg/m. The initial wxiuss of the

variablesz for these simulaticons are summarized under LASC

of Table I1.

For the CASE 1 ABL madel simulation (Fi1g. < the

due to light winds have the combined srfgct of gecrsaszing
the height of the inversion over the 24 hour peri1cd of

simulation from 687 m to 438 m. As  a result of positive

31




thermatl adsection the xirn femosrature® S1SSE AT AR NSRS OITEEIC
rate up to 13 hours afrter the start of the zimulzxtion T etz
an 1NCrexsed rate of  nEating SCoUr s s 20 ar DMESLETLIN
becomes = factor, After 22 hours of simulaticn O 1TEI
solar  insclation is no longer effective ane tharmal
advecticn iz balanced by & reduced senzible heat flusx st tne
sex surface, causing the xir temperature to become conztant

t 20.F deg. Through evaporation at the sea surface and =
relatively low rate of entrainment the <spscific umidr s
tncreases throughout the course of the simuixtion om0, 2
askKg to 12.2 g/Ka. The net effect of the 11ncreaszing air
temperature combined with countering s¥ffect of tnmorszzi-g
fumiditw 13 to reduce the height oF the LOL from 277 m -2
herght approximately 28 m abowes the helght of the nosrz.c-
and to maintain the slight difference through tne course o7
the simulation,

The results af the CHEZE | uncoupled maode! simgiatros,
where stratus formation doss not oécur, may be  comoErec b
the CASE 1 éoupled model simulati {Fig. S». Irn thisz cazs
the model i3 initialized in  the csame marner SIECT
variations in the sea surface temperature zrz &l lowed =2
influence the AEL model as changes in the ocesan  *herms

tructure evolve, Through evaporative and senz:ibles z20ling
at the zea surtace the shallow mixed laver srodes rap:idl,
allowing the 33T to quickly cool after the start of ‘the
simulation (~2.0 degrees in 12 hours), The cocaoler  SET

0)
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;E mesults in reduced sex-xir temoerafture A2 Mmoot -
. . and the alr temoerature 10CreasEs onlw g2ilznt e TooitD Tz
i

N tirst X hours of  szimulation. The lnoressing  C0ec.ll
“" .

E humidity is not balanmced by increasing &ir  tempesafturs  2rc
I't

. .

the LCL falle below the height of ths irnversion foarming =

laver of stratus at 11 hours &after Initializ:

(3]
N
.

o

[x]

2
I

+
4

N

Jl

stratus formation the atmospheric laver 18 evcivec Zulss

: diff=srently bv the coupled model. As % result <24 ~adizst:

cooling at the top of the stratus laver the temosraturz o<

3 the atmospheric layer ragidly decrsases. Entrainment Cue bo

.

g; radiatiwe cooling increxses the height of the inwesrz:icn <2
2Z4 m and introduces drver air in*to the sur<zcs Crle-,

ii cEsglting in & steady decrsxse of the zoecitiT Rumizic.,

- In the CRSE ! model  simulaticons, critica ez It
thermal and moisture advection are selected which, in tne
czze of the uncoupled ABL mode!, maintxin the nelgnt ¥ <-s
LCL =taightly above that of the inwversian, ans 1n the Zaze o~

the couplsd model, allows the LCL to fall bBelow  <me
inwersion and form stratus, fhe critical mxture o€ ots
zelected thermal and moisture walues in  the THIE B
zimulations may be appreclated by & comparison witn the T~

2 simulations, Here the prescribed wvaluye of thermal

"w
-
O

molsture advection are s=t to 9,0 deg /day ang 9.8 oo 2
respectively, with all other wvariables remaining the zame z:

1Y)
(1Y)




[n the TmiIE 2 WEL mode: s:imulacyion «Fig. =0 the  =z2Zssr iz
c¥ ogozitive thermal adesction Fezuitz oan the xir TemgEr aTLoE
tooling sligrtly,., AE & Cohsequences, the LIL f2'i:z2 Le'ze The

nd

in
-

inwveErs1on ratus formation occure atter 4.5 nhour

g

"

7
+

simulation, The sevolution of the atmosoher: .

predicted by the CASE 2 coupled mode!l simulation YFig. ©. 1

guite similar. Again,the air temperaturs decreases  z)ighil.
, Cal though at a greater rate than in the ABL model XTI 2nc
' - - -

gtratus forms after 4 hours. The esffect ot 2 rzCicd

cocling sea surfacs temperature 1z to cause the formacior o~
. stratus one time step =2arlier in the coupled model TXEE.
I
\ L , , )

~dditicnally, becauze the xir temper aturs 1% S
. throvghcout the samulaticon (differing by -2.5  sS2o a<tEc L-
; nour s, the finxl heilght of the LCOL 13 orecicted T oze ol
. m lawer by the coupled model. Diffsrences betmesn ali ovrer

atmoscheric wariables are negligibls,

In the CAIE 2 resuls:z the stfect 2+ the magp: s Il

. 23T 18 nmot as zapparent &z 10 the CaSE | resuitzs wherse 702
coupied model dsmonstrates significxnt Clrffersncss frorm tTE
uncoupled SEL model., Clearly,the relaticnship betwesn  toz

LEL and the hesight of the 1nwversion i
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cr1trcxl
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we

or not the coupled model behaves much differently  from oo

"

uncoupled ABL model,
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prescribed winds are itncrexsed to & nesr znstxt T T <

wrdle &)li ather wariabies remaln tne fames a3 10 1= N
I .

ootn the coupled mocel (Fig. 2 and the yncouo ' S2 ~I- TIZs
. (Fi1g. #) simulations the sffect of the highesr wind scescs
: to generate greater turbulence in atmospheric lawer wnizs .
I

turn causes a greater rate of entrainment at the inwers: or

This results in the height of the inverszion desce~Jing -
’ decreaszed rate comparsd to the CASE | simulationsz. =z tn

-+,

LCL falls belcow the inverszion height, after 3 hours 20 -

11

uncoupled AEBL model, and after S hours Ffor fthe couci

- model, stratus formation occurs. This differs conzidera

% from the CASE | results, where for the ABL mode!  3tr-a4u
-E formation did aot occur, and for  the couoled moos) mET s
. stratus formed afiter 11 hours, The difference oDetoess- I+
i

- coupled madel and uncoupled AEBEL model CASE 2 szimulatianz ar
: much less drastic. Ewen though the incresassed wind zzsa:z
) produces & more rapid srosion of the mized §aver  ans  CI2

the &3T to a Jlower temperature than “in CRSE |, o

;' ditf=rences between atmospheric laver gquantities coredictss
_ bv the coupled model and the uncoupied ABL model are zlicht
)

I The only major exception i3 air temperature which ©Has

final value 8.8 deg coaler in the coupled madel =imulz®ion

i Clearly, the influence of coupling the esparates mcdel:z
L
-’ more important in the light wind case where there iz a2z

tendency for the system to be dominated by the effscts of
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Parge scale AtMOspherlc *orcing and uhe

intloeence o+ T ochanges mee hass the oo
C. OCEnM THERMAL STRUCTURE
The sffesct of a desper ooCsxn milosd

reesd Dy

[

of the couplted model may be-chbs

yltz, In this case the model 1s init

.,
[ (]
"n

mixzxed laver depth of 11.5S m and a grad:

layer of -8.15 degs m., &1l other iaitia

as in CASE 1. For

.Aam

[

the coupled mao
18) the mixed layver esrodes from xn init
to 13,9 m and the 23T cools from 21,1 4
1S howurs oF simulation, Besczauze the LI
pelght of the 1nwerston stratus Jdoss

insalation 12 effectiwv
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in warming ot
forming & shallow mixed layer. By mid-a
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by
[
[
Q
-+

warm=3 o 1tz 10t

i

deecer mix«ed lavsr 13 to prevent th

Qg

sutficiently to reduce the warming r

0w
i 4
m

gnough to causze the LOL to fxll belcw

n

cver-all resylt iz little ditferent +rom

the CA5E 1| uncoupled ABL model results

constant, On the other hand, they are

the CR3SE | coupled madel results whee

(i

the shallcw mixed layer and consequent

promoted the formaticon of stratus.
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. Cleariy, the nature of the coexn rtnermal struct.re Sz o

: srofoung effect on the swolution ¥ the  atTmozonen:ics .=

I .

f oredictes oY the coupied mogel.  ThE mOSt IMSOr TART Se-&lE

:; are found where the ocean mixed laver 13 weryw  shaliowe w0l

? where there iz a relatively large Jjumg or stesp gradizsnt 27

i

- the base of the mixed laver, as= in LCASE 1. The ef+sco:

E? become increasingly less important with more moderate T. o

; layer depths and negligible +for deep mixed lawer SeCths

L]

: (greater than 38.8 m?.

; O. EFFECT OF COQUPLING O THE OBL MOODEL

D,

‘ The adwvantage oF gredicting the swolutian o+ the  ZIe:°
Soundare lawer witn the coupied modsl f o demonstiaTEl C Ttz

; rezults of the CAZE S zimulaticnz. This cases 13 initi3 (D22

! with Tight windz and the =samese CEWMCOM-F& sounding az LAZ2: L

;i through 4, The temosratures and therma! wdwection ars 227 02

i} zero and the ocean moodel 1% 1n:tializesd with 2 0.3 m Ml o=2C

i

. layer depth and a below laver gracient of -8,15 deo-m. it

? ) the case of the wuncouplea SGEBL  mode) Fi1g. it thE

; atmosoheric variables ares set constant Mmaintainming Cisar -5

.—‘ —_—

= canditions throughout the course of the :z=imulaticn, ~z _fﬁ

cacling &t the sga surface procesds  through the nours  of A

darknezs the mixed layer erodes to a depth of (4.1 m. w=fler -
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L » warming by salar radiation 1= suffirzient

to cause the formation of a4 shallow (Z2.3m) mixed lawver which
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the coupled model predl

golar radraticon availazble at the ocesan syurfaos, The =%rx*.:
laver also acts to  coc! the al1r temperaturs LY Sl Bty
radiational cooling (-1.3 degs and reduycs ths  zoeci-c
humidity through an lncrexzed rate of entraanment 27 the o0
o¥f the atmospheric lawver. The combined ~esult  of the
redycsd zolar racixtion and tncrezzed sensibis xr. 3 Vaeze -
; NEAT o TlOsgE 13 LI MAalfTiILA onet Coolifg at fhs ssx ZoTorilv
i The mixed lawver ercces throggnoot tre  cCourzs o4 TTE
simulaticn without the faormation of a shailcow mixed aver.,
The most 1moor tant  fexture  of the  CoumisZs T :
xoolicxtion o samulaning acsan bouncare  eweslyTiIn LE o

ability to predict the formaticon of strzaftus, Tre adramat::

B s¥fect stratus formaticn has on the radlaticn cudgets o<
r

both the atmosphsri1c and oceanic  bLoundary faars an o-
?% changes to a1r tempsrature and humidity canm not be simeistsc
>:"

- - by thes uncoupled ccear model alaone,

E. RESULT: OF & 72 HOUR SIMULATION

To obserwve the responze of the coupled and uncoupled =L

models over longer time pesricds an atmospheric zouncing from
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with light winds (2.3 mss), The imitial air z
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12.8 and (4.8 m respectiwvely and  the 1moe
heights are lower, The ccean mixed laver 13

at 38.8m with & below laver gradisnt of -1a,
ortginal CEWCOM-7& sounding the =xir
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ower than the S5T. Far

Jowered to 2.9 deg. ks
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the air temperaxture

Sea zurface temperatuyre with ths

betwesrn oquilibrium  states  ach

coupled and uncoupled ABL modsls.
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~E % result of the imposzesd light winos

ineffective at mixing warm upper—alr into th

m

and the sffect of radiaticnal cocling 1mmediat
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atr temperature. As the air temperature rapd
LCL lowersz and the stratus layer graows thicks
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entrainment nearly balances zubsidence  the height ot TnE
tdersion 1s nearly Cconstant x2nd drops onty oslightle Juriog
the first Z4 hours of simuiaticon, AE o fesuyern ot TnE

t insut+icient

[0
"
-
(L)

relatively light winds the svaporation r

1 1%,

te counter the introduction of dry upper-ic into T

T

atmosphere’z surface layer and the specitic RT3 W A
decreases rather steadily throughout the $first Zs nours -~

12 hourse after initialization <1768 L) sclar radizticn 13 0o

-+,
1

longer effective in heating th

i

atmaosphere and  the  xir
temperature cools rapidly. In response, the LOL $xil:z  anc
by the conclusicon of the firset day is lowered to 44 m,

The imiti1al response of the coupled modes: oF

e
[
4

is the zames asz thes uncouplesd &EL mogel, sxcept tnat wps~ 7=

formation of & shallaow mixed laver a considerable warming o-
the sea surface results. The warming of the sex surfzace,
trom 18,8 to 15,2 deg, reduces the rate of  Ccooling o+ o2
xir temoeraturs and &5 & result  the LCOL remains hiconer,
dropping only to &3.9 m.
: 2. Day 2 g
- Bv the second Zay of simulaticon both mogsis »xos ; -
reached & near  squilibrium stxte, Im  the czxszs of *ne

. coupled model (Fig. 14x) the mixesed layer srogdes onle o

ar

depth of &.1 m thus maintaining a warmer

case of the uncoupled AEL model. The effesct of  the warmer

N

by
1]
~
-
m
o)

52T is to maintain a higher average air temperatur

that exhibited by the uncoupled ABL madel (Fig. 12k, In

da



poth cxszes tme LCOL rizes Jduring Yrs= Za, bt TtTurE w2z E:Lf
. Meating 2CTurs as & mesult 0T =2oiar Saclation, s e ;4;
i becausze ofFf th2 awerage Glgher 10 T2MCeErat.rd I 902 ZzIul o= :
:? model the LCL +alls only to a height of 34,8 m  comoared  to
e
- 22.8 m for the uncoupled AEBL mode!d .,
2, Day 32
During the Day 2 simulation (Figs. i3c and isc Tt .
pattern of Day 2 13 nearly repeatsd, The average =17 L¥;
f temperaturs in both models continges to decreaxze sligmtl.,
E althocugh the decrease ococurs  at a higher rate far  the
. uncoupl!ed model. In fact, by the completion of the third —
' dayv’s simulation, = major  seent has  cccurrsd. Im t-s Ti;
:E sncouplted 220 meodesl the LOL has esssentially rezcnecs oz ﬂ )
: surface, predicting the cccurrence of $og.  In the ocaze o ;:;
—
the coupled model, the LCL remained well above the surfacse o
- 2t 3.9 m.
- while this Zaze Jemonstr ates o R P g
- differences between the coupled and wuncoupled moce!s N
? must be noted that the simulaticns wers concuctad noTn
relatively light wind speeds., vhth onlw a  ziightls e 2
wind spesed (4.8 m) and all  other conditicons  *the zame, T?’
differences between the two models becoms rneglilcis. Tre -31

higher wind speed prevents the formation of & oerzi;zians

shallow ocean mixed laver by the couplsd model. Thnus

.
h
]
il

. 55T is not appreciably warmed in an xverage sense, ans no

- additicnal heating iz provided to the atmosphere,
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